Introduction {#Sec1}
============

High functioning autism spectrum disorders (HFASDs) including high functioning autism, Asperger's Disorder, and pervasive developmental disorder NOS (PDDNOS) are characterized by impairments in social functioning and language, and by the presence of restricted interests and repetitive behaviors. Impairments in executive functions are among the most consistently reported deficits in individuals with autism spectrum disorders (Hill [@CR80]; Ozonoff et al. [@CR40]; Verté et al. [@CR72]). It has been difficult to document clear relationships between measures of impairments in executive functions and measures of autism-related behaviors (e.g. Geurts et al. [@CR21]).

Abstract Reasoning and HFASD {#Sec2}
----------------------------

Abstract reasoning, which is an element of executive functioning, requires the considerations and manipulation of information about events, objects, and concepts not in the immediate environment. Abstract reasoning is thought to involve both the ability to identify concepts (i.e. to recognize underlying category attributes so as to better understand them), and the ability to form concepts (i.e. to generate cognitive schemas to organize information) based on these discriminations.

Concept identification abilities, emerge during the first year of life in typical development, and children with autism appear to acquire simple classification abilities involving the physical world (e.g. the ability to sort objects) similarly to children with other developmental delays (Ungerer and Sigman [@CR71]; Tager-Flusberg [@CR69]). However, it is unclear whether individuals with autism can categorize based on more representational and abstract criteria. Some have found that lower functioning children have difficulty with sorting tasks that involve abstract categories (Shulman et al. [@CR61]; Ropar and Peebles [@CR50]), though older higher functioning individuals do not appear to have these difficulties (Minshew et al. [@CR38]).

In contrast to concept identification, concept formation involves an "open field" situation in which the individual must initiate the cognitive processes required to solve a problem. The ability to generate schemas to organize social and non-social behavior is an example of concept formation. This type of initiation, or "generativity," is recognized as a deficit area for children (Bishop and Norbury [@CR10]), and adults (Ambery et al. [@CR1]; Minshew et al. [@CR38]; Turner [@CR70]) with HFASD. Concept formation, but not concept identification, as assessed by the Goldstein-Scheerer object sorting task, has been found to differentiate children with HFASD from others, correctly identifying 89% of cases of autism in individuals aged 12 and above (mean age = 21) with HFASD in a discriminant function analysis (Minshew et al. [@CR38]).

Preadolescent and Adolescent Development and Friendship {#Sec3}
-------------------------------------------------------

Social impairments, which are among the most handicapping symptoms of autism (Rogers [@CR48]), have been conceptualized as involving deficits in affective reciprocity (Hobson [@CR27]), in theory of mind (Saxe and Baron-Cohen [@CR58]), and in imitating/mirroring the actions of others and thereby intuiting their intention (Hobson and Lee [@CR28]; Rizzolatti and Fabbri-Destro [@CR47]; Rogers [@CR49]). While these areas have been relatively well-studied, there has been little research about cognitive and developmental aspects of friendship quality in individuals with HFASD. This represents a significant gap in the literature because the ability to achieve sustained friendship is one of the most clinically important and ecologically-valid indicators of social functioning (Bauminger and Kasari [@CR4]).

Friendship is critical for human development. It provides a context for social, moral, and emotional growth (Bukowski et al. [@CR14]; Bukowski and Sippola [@CR15]; Howard et al. [@CR29]; Rubin et al. [@CR54]). In addition to its importance in promoting development, the quality of preadolescent and adolescent friendship is related to multiple important outcomes including self-esteem (Berndt [@CR9]), depression and school adjustment (Hartup [@CR24]), and loneliness and social dissatisfaction (Parker and Asher [@CR42]). Friendship, and the social support it provides, also serves as a protective factor against the development of psychopathology (Berndt [@CR8]; Rubin et al. [@CR54]; Sullivan [@CR68]), while problematic peer relationships are associated with depressed mood and loneliness (Boivin et al. [@CR11]; Parker et al. [@CR43]).

Despite folk wisdom to the contrary, research suggests that friendship is highly desired by individuals with HFASD (Henault and Attwood [@CR26]; Howard et al. [@CR29]; Jones and Meldal [@CR31]; Stokes and Kaur [@CR66]), although the level of social functioning of children, preadolescents, and adolescents on the autism spectrum is variable (Orsmond et al. [@CR39]). While deep and intimate friendship is beyond the grasp of many such individuals, for others, positive, sustained, and even sexual relationships (see Stokes et al. [@CR67]) are possible (Bauminger [@CR3]; Orsmond et al. [@CR39]). The friendships of individuals with HFASD may differ from those found in typically developing ones with respect to duration, frequency of meetings, activities undertaken (Bauminger and Shulman [@CR5]), and composition of the disability status of the dyad (Bauminger and Shulman [@CR5]; Bauminger et al. [@CR6]).

The achievement of intimacy, which involves the ability to integrate a partner's needs and perspectives with one's own, is considered the most critical milestone for typical adolescent friendship (Grotevant and Cooper [@CR22]; Selman [@CR59]), and intimacy of friendship in adolescence is related to adjustment and to interpersonal competence (Buhrmester [@CR12]). The ability to attain intimacy is likely made possible by the maturation of executive functions including selective attention, behavioral control, perspective taking, organization, decision making, planning, and abstract reasoning that occur in typical preadolescent and adolescent brain development (Luna et al. [@CR35]; Spear [@CR65]; Yurgelun-Todd [@CR74]). Indeed, behavioral researchers have linked the maturity of adolescent friendship to cognitive development during this period (Hartup [@CR25]).

Linking Abstract Reasoning and Friendship Abilities {#Sec4}
---------------------------------------------------

Deficits in concept formation may limit the ability of individuals with HFASD to generate cognitive schemas that promote the efficient organization of social and non-social information. Impairments in the ability to create organizing schemas for initiating new social behaviors and routines (i.e. meeting new people, entering different and unstructured social situations, and/or conducting reciprocal conversations) would greatly disrupt daily social functioning. Similarly, the inability to conceptualize, represent, and integrate multiple perspectives would produce deficits in interpersonal relationships. The replicated finding that concept formation abilities and the demonstration of cognitive generativity is predictive of play quality in younger children supports the assertion that concept formation abilities are related to real world social functioning (see Jarrold et al. [@CR30]; Rutherford and Rogers [@CR55]; Rutherford et al. [@CR56]).

Goals of the Current Study {#Sec5}
--------------------------

The overarching goal of the current study was to examine relationships between abstract reasoning abilities in HFASD and social functioning involved in friendship. We used an ecologically valid approach involving multi-informant and multi-method assessment consisting of trained observer (Q-sort based ratings across two semi-structured tasks) and friend reports (a self-report inventory) of friendship quality. We had three main hypotheses. Consistent with literature from older samples, we hypothesized that individuals with HFASD would have impairments in concept formation, but not in concept identification. We tested this on age, gender, and receptive vocabulary matched groups of children with and without HFASD using the DKEFS Sorting Task. Second, as shown in our previous work, we hypothesized that the relationships of participants with HFASD would be less intimate, and that friend perceptions in the dyad would be more variable, than those seen in children without ASD. To test this hypothesis, we examined relationship quality within and between dyads consisting of HFASD and TYP probands. Given their trajectory in typical development, we also hypothesized that relationship intimacy would increase with age, and we tested this exploratory hypothesis by examining correlations between observer and friend reports of relationship quality and age. Third, we hypothesized there would be links between abstract reasoning abilities in individuals with HFASDs and their social functioning as measured by the ability to form strong and reciprocal friendships. We tested this hypothesis by examining the relationship between abstract reasoning variables in individuals with HFASD, and friendship quality measures.

Data Analysis {#Sec6}
-------------

Analyses were completed in SPSS version 16.0. Hypothesis one was test using a one-way analysis of covariance (ANCOVA) where PPVT score was used as a covariate, given that the groups differed on this variable. For hypothesis two, between group differences on friendship variables were examined by means of Mann--Whitney U tests for independent samples. Within group differences (i.e. those involved in proband/friend pairs) were examined by means of Wilcoxon Signed Rank tests. Exploratory correlational analyses that examined the relationship between age and friendship intimacy were conducted using Spearman's rho correlations (2-tailed). To examine the fourth hypothesis about the relationship between cognitive factors (abstract reasoning) and social functioning (friendship quality), we first conducted a principal components factor analysis with varimax rotation to reduce the number of friendship quality variables. These were followed up using multiple regression analyses that examined the relationship between disability status, age, abstract reasoning abilities, and relationship quality.

Method {#Sec7}
======

Participants {#Sec8}
------------

Participants in the current study included 42 target children from the Israeli sample of a large multi-national study of friendship and attachment in high functioning children with autism spectrum disorders. The larger project, which is more fully described in Bauminger et al. ([@CR7]), included a group of HFASD and a control group of typically developing children. Diagnostic criteria for the HFASD children in Israel included prior clinical diagnosis based on the *DSM*-*IV;* American Psychiatric Association ([@CR2]) and a verification of clinical diagnosis by the Autism Diagnostic Interview-Revised (ADI-R; Lord et al. [@CR34]). The present study focused on 20 preadolescents with HFASD (mean age = 9.78; standard deviation \[SD\] = 4.7 with one girl) and 22 preadolescents (mean age = 10.29; SD = 16.9 with one girl) with typical development from the Israeli sample for whom abstract reasoning measures had been collected.

This part of the Israeli sample included 8 (40%) children with HF autism and 12 (60%) children with Asperger syndrome. The primary difference between HF autism and Asperger Syndrome is the presence of significant language delay before the age of 3 years in the former. The decision to include children with autism and those with AS was based on the shared social characteristics for both populations, during middle childhood (see, for example, Paul [@CR44]).

Additional inclusion criteria were: (a) CA between 8 and 12 years; (b) a receptive language score of 80 or above as assessed by the Peabody Picture Vocabulary Test Third Edition, which is explained below (PPVT-III; Dunn and Dunn [@CR19]); (c) normative reading comprehension level based on the reading subtest of the *Ma'akav* (Shany et al. [@CR60]); and (d) an identified close friend of at least 6 months (duration of the friendship was determined through open-ended questioning prior to the proband's inclusion in the study). See Table [1](#Tab1){ref-type="table"}.Table 1Participant Characteristics (*n* = 42)Autism (*n* = 20)Control (*n* = 22)*M* (SD)Range*M* (SD)RangeMales1921Age (Months)116.5 (14.06)98--151122.95 (17.1)98--144PPVT\*105.0 (10.32)84--122112.36 (6.97)101--128Mother's4.63 (.955)3--64.55 (1.36)2--6ADIR-Soc16.9 (3.48)10--25NAADIR-Comm13.25 (4.41)8--22NAADIR-RB5.25 (1.41)3--8NA\* PPVT scores differed significantly between the groups

### Friends of HFASD and TYP {#Sec9}

Each target HFASD child participated in the study with one identified close friend. Some of the target children's friends also had a disability. In this sample, 9 friends (45%) had a disability (8 with an autism spectrum disorder, and one with another disorder), while 11 friends (55%) were typically developing. The majority of children had friends within 1 year of their age, although, on average, probands were 5 months older than their friends. Eighty percent of the friends of children with HFASD were boys. The remaining 20% were girls. The typically developing sample brought 86% male friends and 14% female friends. While more children with HFASD brought friends to the lab who were of the opposite gender, there was no significant difference in this percentage.

### TYP Group {#Sec10}

Best efforts were used to match the HFASD to TYP groups on maternal education (which was obtained during the initial interview and was rated on a numerical scale based on whether a mother had some high school or had graduated \[3\], had some college \[4\] or had graduated \[5\], or had a post graduate level education \[6\]), receptive vocabulary from the Peabody Picture Vocabulary Test---(PPVT; Dunn and Dunn [@CR19]), CA, and gender (see Table [1](#Tab1){ref-type="table"}). In this sample, there was a significant difference between the PPVT scores of the groups. The mean age difference between typically developing children and their friends was 1 month.

Measures {#Sec11}
--------

### Abstract Reasoning- D-KEFS Sorting Test from The Delis Kaplan Executive Function System (Delis et al. [@CR18]) {#Sec12}

The Delis Kaplan Executive Function System (D-KEFS) is used to assess executive functions, specifically those related to perseveration, cognitive flexibility, ideational and design fluency, and inhibition in individuals from age 8--89. Most of its nine subtests are adaptations of traditional research measures refined to examine a wider range of skills with more precision and fewer confounds. The Sorting Test, which is the focus of this study, is an assessment instrument designed for isolating and measuring multiple components of concept identification and concept formation. There are two test conditions: sort recognition and free sorting. Test materials consist of two sets of 6 cards each that can be sorted into two groups of three cards in a variety of ways based on perceptual (color, size, shape, background patter, lettering study) and conceptual (descriptive words written on the cards) features. The dependent variables used in this manuscript are: sorts identified, sorts generated, and sort descriptions. This is considered a test of conceptualization and reasoning skills, and cognitive flexibility. The D-KEFS Sorting Test has exhibited acceptable levels of internal consistency, test--retest reliability, and validity.

### Friendship Observation-Two Friendship Experimental Scenarios: Construction Game and Drawing {#Sec13}

Target children (HFASD and Typical) were invited to come to the laboratory with a close friend. Each dyad was observed and videotaped during a 40-min session while participating in two different noncompetitive tasks: the "construction game" scenario and the "drawing" scenario. The *construction game* scenario followed Siperstein, Leffert, and Wenz-Gross's ([@CR62]). In this scenario, children were provided with a noncompetitive construction game---Discovery Toys' Super Marbleworks® Raceway Construction Set. Children were instructed to construct a shared design (a marble maze). After completion, children could roll the marbles down the maze. In the *drawing* scenario, children were given a box of colored markers and a large blank sheet of paper. Children were asked to draw a shared design. Order of administration of the construction game and shared drawing scenarios was counterbalanced.

### Observer and Friend Reports of the Functioning of the Dyad {#Sec14}

As described below, two methods of assessing the social functioning of the dyad were used: (a) an observer rated Q-sort based measure (Dyadic Relationship Q-Set or DRQ) and (b) a self-report behavioral inventory measure of the quality of the friendship provided by the target child and his friend (Friendship Qualities Scale or FQS).

### Dyadic Relationships Q-Set {#Sec15}

The 55-item Dyadic Relationships Q-Set (DRQ) (Park and Waters [@CR41]) was used to evaluate dyadic behavioral dimensions. These 55 items were sorted in a fixed distribution into 7 piles, with a 5-7-9-13-9-7-5 distribution. The 7 piles, in forced-choice format, ranged from *Least characteristicbehavior* (pile 1) to *Most characteristicbehavior* (pile 7) for each dyad. A score for an item equaled the pile in which it was placed (e.g., an item in pile 3 received a score of 3). The 55 items were grouped into the following seven *dyadic relationship dimensions*, which described the quality of interactions among friends: *positive social orientation* (e.g., "partners express enjoyment at playing together"); *cohesiveness* (e.g., "when one partner moves away, the other moves in coordination"); *harmony* (e.g. "offers and suggestions guide dyadic play"); *responsiveness* (e.g., "partners endorse each other's attitudes and activity preferences"); *coordinated play* (e.g., "partners work together to produce more complex or organized play than either would engage in alone,"); *control* (e.g., "partners grab and take things from each other"); and *self*-*disclosure* (e.g., "partners share secrets"). The self-disclosure dimension in the current study rarely emerged; therefore, we removed it from our analyses. Two new blind coders coded all tapes and reached a correlation (*r*) ranging between .70 and .90, along the different tapes. For each item, the value used for data processing was the mean of the two observers' scores for a description of the DRQ + FQS items see Fig. [1](#Fig1){ref-type="fig"}.Fig. 1A description of the scales of both the friendship quality scale and the dyadic relationships Q-set

### Friendship Qualities Scale (Bukowski et al. [@CR13]) {#Sec16}

The Friendship Qualities Scale (FQS) is a self-report assessing children's perception of various qualities of their friendship. Target children and their friends were asked to think about their friendship with each other when answering the questionnaire. The FQS self-report contained 23 items, rated on a 5-point scale ranging from *Not true at all* (1) to *Very true* (5). The items reflected five categories of friendship qualities: companionship (e.g., "My friend and I spend all our free time together"); security-intimacy and trust (e.g., "If there is something bothering me, I can tell my friend about it even if it is something I cannot tell other people"); closeness (e.g., "I think about my friend even when he is not around"); help (e.g., "My friend would help me if I needed it"); and conflict (e.g., "My friend and I can argue a lot"). The five subscales presented adequate internal reliability (Cronbach (coefficients between .71 and .86 for Bukowski et al. [@CR13]; and between .57 and .86 in the current study). In this study, we focused on the friend's report of his experience of friendship with the target child.

### Reading Tests {#Sec17}

Children completed the *Ma'akav* (Shany et al. [@CR60]), a standardized measure of decoding and comprehension with national norms and acceptable psychometric properties. All children who participated in the study demonstrated sufficient reading abilities to carry out the self-report instruments, based on the age norms of their reading skills and the age levels of the normative groups for the tasks.

### Peabody Picture Vocabulary Test Third Edition (Dunn and Dunn [@CR19]) {#Sec18}

We administered the Peabody Picture Vocabulary Test Third Edition (PPVT-III) to all target children in their native language in order to have a brief assessment of children's receptive language ability, to provide both a vocabulary match and to assure that both groups would understand the experimenter instructions. The PPVT is a well standardized, widely used assessment with strong psychometric properties. Scores correlate very highly with multiple other measures of general language ability and cognitive ability (Sattler [@CR57]).

Data Analysis {#Sec19}
-------------

The relationship between the abstract reasoning scores and demographic variables including proband age, receptive vocabulary score, and ADI-R domain scores was examined first. For variables that were ordinal and/or not normally distributed, Spearman's rank correlations (two-tailed) were used. Next, between group comparisons of performance on the three abstract reasoning variables were completed using analysis of covariance (ANCOVA) with PPVT score as a covariate reflecting the different receptive vocabulary scores of the groups. Next, the two measures of dyadic relationship quality---observer based Q-sorts and friend's reports of friendship quality, were examined both across groups and within dyads using non-parametric tests next a principal components analysis with varimax rotation was conducted to reduce the number of friendship quality variables to three main factors. Finally, multiple regression analyses were conducted, with age, PPVT, disability status, ADI-R communication score, and abstract reasoning score regressed on the 3 factors underlying relationship quality.

Results {#Sec20}
=======

Concept Identification and Concept Formation {#Sec21}
--------------------------------------------

For the HFASD group only, the relationships between abstract reasoning and demographic variables including age, receptive vocabulary as assessed by PPVT standard score, and severity of autism symptoms based on ADI-R social, communication, and repetitive behavior domain scores were examined using Spearman's rank correlations. There were statistically significant negative correlations between scores on the ADI-R communication scale and sort identification (*r* = − .570, *p* = .009) and sort generation (*r* = − .510, *p* = .022). There were no other statistically significant correlations between abstract reasoning and demographic variables for the HFASD group. See Table [2](#Tab2){ref-type="table"}.Table 2Relationship of abstract reasoning and age, PPVT, and ADI-R domain scores for the HFASD groupSort identificationSort generationSort descriptionAge.03.12.12PPVT score.08−.02.02ADI-R Socialization−.27−.21−.17 Communication−.57\*\*−.51\*−.42 Behavior−.20.20.12Correlations are Spearman's Rho (2-tailed)\* Correlation Significant at the *p* \< .05 level (2-tailed)\*\* Correlation significant at the *p* \< .01 level (2-tailed)

We next investigated group differences on the D-KEFS variables related to number of sorts recognized, number of sorts generated, and quality of sort descriptions using ANCOVA with the PPVT score used as a covariate to reflect the different receptive vocabulary scores of the groups. The HFASD group performed significantly worse than the typically developing group for sorts identified (*F*(2, 41) = 5.95, *p* = .019, *η*~p~^2^ = .13); sorts generated, (*F*(2, 41) = 6.18, *p* = .017, η~p~^2^ = .14); and quality of sort descriptions (*F*(2, 41) = 8.24, *p* = .007, η~p~^2^ = .17). See Table [3](#Tab3){ref-type="table"}.Table 3Group differences in abstract reasoning variablesHFASD group (*n* = 20)Typically developing group (*n* = 22)*F*Significance levelMean (SD)RangeMean (SD)LevelSort identification8.40 (3.45)3.00--9.0011.36 (2.44)11.00--13.005.95.019Sort generation8.30 (3.29)4.00--9.0011.18 (3.02)8.00--14.006.18.017Sort description8.55 (3.07)4.00--9.0011.55 (2.36)9.00--14.008.24.007PPVT score is used as a covariate in all analyses

Friendship Quality {#Sec22}
------------------

Mann--Whitney U tests for independent samples were used to examine group differences in both observer-based Q-sort measures of interaction quality and friend report measures of friendship quality. The groups exhibited significantly different scores on all Q-sort scales---positive social orientation (*z* = 3.27, *p* = .001), cohesiveness (*z* = 2.29, *p* = .022), harmony (*z* = 3.24, *p* = .001), coordinated play (*z* = 3.84, *p* = .001), responsiveness (*z* = 3.73, *p* = .001), and conflict (*z* = 3.29, *p* = .001), with the HFASD group exhibiting lower scores (Table [4](#Tab4){ref-type="table"}).Table 4Group differences in friendship quality variables: observer based q-sort ratings of dyadic interactionsHF ASD group (*n* = 20)Typically developing group (*n* = 22)*Z*Significance levelMean (SD)RangeMean (SD)RangeQ-sort scale Positive orientation4.47 (.63)3.05--5.865.11 (.60)3.72--6.253.27.001 Cohesiveness4.43 (.59)3.25--6.004.81 (.49)3.88--5.632.29.020 Harmony4.49 (.52)3.25--5.545.11 (.56)4.17--6.003.24.001 Coordinated play2.97 (.60)1.93--4.073.87 (.61)2.43--5.003.84.001 Responsiveness4.78 (.56)3.58--5.715.43 (.27)4.92--5.833.73.001 Control2.62 (.54)1.81--4.042.11 (.52)1.50--3.673.29.001Mann--Whitney U Tests used

As shown in Table [5](#Tab5){ref-type="table"}, there were fewer group differences in both proband and friend reports of friendship quality on the FQS domains, which included companionship, security-intimacy and trust, closeness, help, and conflict. HFASD and typically developing probands differed on subscales scales measuring help (*z* = 3.48, *p* = .001), intimacy (*z* = 3.43, *p* = .001), and closeness (*z* = 2.42, *p* = .016), with the HFASD group again scoring lower. The friends of individuals with HFASD and the friends of TYP only differed significantly in their friendship ratings of help (*z* = 2.56, *p* = .011) and intimacy (*z* = 2.73, *p* = .006). To assess dyadic consistency in ratings of friendship for both the HFASD and the TYP groups, we compared members of each dyad's scores on the five domains of the FQS using Wilcoxon signed-ranks tests for paired samples. In the group with HFASD probands, there were no significant differences between reports of either member of the dyad on any of the subscales. This also was true for most scales in the dyads consisting only of typically developing individuals, although they differed significantly on their reports of the intimacy of the relationship (*z* = 2.528, *p* = .011). Here the target participants reported a higher level of intimacy in the relationship than did their friends.Table 5Group differences in friendship quality variables: proband & friend report on FQSHFASD probands (*n* = 20)HFASD friends (*n* = 20)Typically developing probands (*n* = 22)Typically developing friends (*n* = 22)Mean (SD)RangeMean (SD)RangeMean (SD)RangeMean (SD)RangeFQS scale Companionshp2.54 (1.02)1.25--5.002.16 (.88)1.00--4.252.22 (.79)1.00--4.251.93 (.94)1.00--4.50 Closeness3.64 (.81)1.60--4.803.96 (.92)1.40--4.804.21 (.59)2.80--5.004.28 (.55)3.00--5.00 Intimacy3.23 (.86)1.60--4.603.24 (.62)1.80--4.204.14 (.55)2.60--5.003.76 (.41)3.00--4.80 Help3.12 (1.06)1.00--5.003.51 (1.20)1.60--5.004.24 (.68)2.80--5.004.48 (.55)3.20--5.00 Conflict3.31 (.67)1.75--4.253.44 (.71)2.00--4.753.67 (.49)2.75--4.503.64 (.45)3.00--4.50Mann--Whitney U Tests used to test between group differences. Wilcoxon Signed RankTests used to test significance of differences within dyads

Finally we examined developmental effects on friendship in both groups by investigating relationships between chronological age and: (1) the observer Q-sort variables coded based on the dyad's interactions in the construction and drawing scenarios, and (2) friend reports on the FQS using Spearman's rank correlations. See Table [6](#Tab6){ref-type="table"}. For the typically developing group, there were several significant relationships between age and friend report variables including companionship (*r* = .36, *p* \< .05), and conflict (*r* = .34, *p* \< .05). For the HFASD group, there were significant relationships between the age of the proband and observer-report Q-sort based ratings for the positive orientation of the interaction (*r* = .53, *p* \< .01), coordinated play (*r* = .34, *p* \< .05), and responsiveness of the dyad (*r* = .49, *p* \< .01), and a significant negative relationship for observed control (*r* = − .49, *p* \< .01).Table 6Age and relationship developmentHFASD group (*n* = 20)Typically developing group (*n* = 22)Q-sort scale Positive orientation.53\*NA (1)Cohesiveness.04NA Harmony.30NA Coordinated play.34\*NA Control−.49\*\*NA Responsive.49\*\*NAFQS scale Conflict−.02.34\* Companionship.29.36\* Help−.02.30 Intimacy−.12.24 Closeness−.06.23Correlations are Spearman's rho (2-tailed)(1) NAs used because Q-sort rating is for the dyad\* Correlation is significant at the *p* \< .05 level (2-tailed)\*\* Correlation is significant at the *p* \< .01 level (2-tailed)

To reduce the many friendship quality variables involving observer and participant based variables to a more parsimonious and meaningful set, we conducted a principal components factor analysis with varimax rotation. Factor analyses were conducted separately for HFASD and TYP, and then were combined when the factor structure proved similar across the groups. Factor loadings represent the degree to which each of the variables correlates with each of the factors. Factors with eigen values \>1.0 were retained. Factor loadings of \>.6 were interpreted. A three factor solution explained 70% of the variance. Factor 1, which explained the largest proportion of the variance (40%) consisted of all the Q-sort measures and we termed this factor "relationship appearance." The second factor, "internal tone of the friendship," which explained an additional 21% of the variance, consisted of most of the friend report measures of friendship quality except conflict, which loaded on its own factor. See Table [7](#Tab7){ref-type="table"}.Table 7Factor loading for friendship quality measuresFactor123Q-sort scale Positive Orientation**.88**.13.08 Cohesiveness**.62**−.02.16 Harmony**.72**.05−.43 Coordinated Play**.84**.07−.03 Control−**.75**−.29.01 Responsive**.83**.18.02FQS scale Conflict−.08−.23**.84** Companionship.20**.80**−.28 Harmony.34**.75**−.41 Intimacy.20**.73**−.25 Closeness.14**.81**−.22

Relationship between Abstract Reasoning and Friendship Quality {#Sec23}
--------------------------------------------------------------

Multiple regression analyses were conducted to examine the relationship between demographic variables which had demonstrated relationships with dependent variables in prior analyses, abstract reasoning, and aspects of relationship quality as captured by the factor scores. We completed separate analyses for Factor 1 "relationship appearance" and Factor 2 "internal tone of the friendship." Different sets of predictors emerged for Factors 1 and 2. Disability status (HFASD vs. TYP) and age both explained significant incremental variance in predicted relationship appearance (combined *r* = .66, *p* = .001). The ability to describe sorts on the DKEFs predicted internal tone of friendship (*r* = .477, *p* = .002). Age, PPVT scores and ADI-R communication did not explain significant amounts of variance in either analysis. There were no significant relationships found between these variables and Factor 3 "relationship conflict."

Discussion {#Sec24}
==========

This first study of concept formation and concept identification in preadolescent and adolescent children with HFASD revealed a generalized impairment in concept formation, identification, and generation of sorting descriptions in this population. This deficit was not related to age or receptive vocabulary level, but rather to scores on the communication domain of the ADI-R, suggesting that it was pragmatic aspects of language, rather than receptive vocabulary, that were related to difficulties in abstract reasoning. Our findings of impairments in both concept identification and concept formation are at odds with the influential view that persons with ASD have specific difficulty with more complex forms of information processing (i.e. concept formation), rather than less complex forms of information processing (i.e. concept identification) (Minshew et al. [@CR37]; Williams et al. [@CR73]). Minshew, Meyer, and Goldstein ([@CR38]) concluded that there was a dissociation between these two components of abstract reasoning and that concept formation impairments could correctly discriminate 89% of subjects with autism in a group whose average age was 21 years. Given that the experimental tasks used in that study were similar to the ones used in this work, it remains possible that abstract reasoning abilities, and especially concept identification abilities, continue to improve through adolescence and early adulthood in individuals with HFASD. There have, in fact, been reports of the development of executive functions during this age period in HFASD (Happé et al. [@CR23]). Thus our findings suggest that deficits in concept identification in children and teens with HFASD represent an area of developmental delay as opposed to deviance. Another developmental finding was Q-sort ratings of the interaction of both groups showed increasing positive orientation, coordination, and responsiveness. Future studies should investigate the extent to which individuals with HFASD "catch up" to those with typical development as this information is critical for treatment planning in adulthood.

Q-sort scores suggested that differences between the functioning of the HFASD and TYP dyads in a naturalistic play scenario could be detected by outside observers. Although their assessments of friendship intimacy were lower, child reports on the FQS suggested that children with HFASD and their friends did not differ from typical dyads in the amount of companionship they reported. This unexpected finding suggests that individuals with HFASD are experienced as valued partners in the important realm of companionship. It also bears mention that this critical information about the nuances of the relationships would have been lost if we had relied solely on outside observer reports. Concordance of perception of friendship quality between the children with HFASD and their friends also validated the reporting abilities of the children with HFASD and their ability to describe friendship qualities including companionship, security-intimacy and trust, help, and conflict.

Our findings add to the growing list of studies that demonstrate similarities in many aspects of friendships of HFASD and TYP preadolescents (Bauminger et al. [@CR6], [@CR7]). The current study again documented that companionship and shared perceptions of aspects of the friendship are present in these relationships. Given that companionship, in addition to intimacy, is considered an important aspect of adult relationships including marriage (Rhyne [@CR46]) and mature friendship (Connidis and Davies [@CR17]), this is a hopeful finding consistent with the premise that individuals with HFASD are capable of sustaining sophisticated adult interpersonal relationships. Future longitudinal research about these individuals' marital and friendship relationships throughout the lifespan may help illuminate strategies for achieving successful relationships, and for promoting mental health.

Results of the factor analysis also illustrated how two measures of friendship quality-- observer- based measures of a laboratory-based interaction, and friends' self-reports of their relationships---captured different aspects of the friendship. The demographic variables age and disability status were related to observer-based assessments from the play scenarios, while abstract reasoning abilities explained about 20% of the variance in friends' perceptions of relationship quality. In future research it will be important to determine how other sources of individual differences including personality, co-morbid psychopathology, and characteristics of the family system, as well as biological factors, account for the remainder of the variance in friendship quality.

Gender composition of the dyad is another factor that may relate to differences in friendship characteristics. More HFASD dyads were cross-gendered. This may reflect the fact that individuals on the spectrum were not as aware of social norms, which in middle childhood and preadolescence dictate that friendships be single sex (Maccoby [@CR81]). The friendships of boys and girls have been noted to differ in important ways including characteristic strategies used to resolve conflict. Girls are more prosocial in their goal and strategy orientation than boys (Rose and Asher [@CR51]), although friendship quality and relationship number are related to strategies and goals in members of both genders (Rose and Asher [@CR52]). Given the small number of girls in our sample, it was impossible to directly examine the influence of gender composition on the functioning of dyads. However, the study of gender differences in the mechanisms underlying friendship quality could potentially illuminate the range of interpersonal relationships open to individuals on the autism spectrum. Disability status of the dyads (whether they consisted of one or two children with a disability) is another important contributor to relationship quality, which was impossible to examine in great depth in this small sample. However, friendship quality analyses in this manuscript were completed independently for the groups with and without friends with disabilities and the pattern of findings did not change. We have, however, addressed this question in the bi-national sample (Bauminger et al. [@CR6]).

This study had several limitations. First, we only had complete data for Israeli participants, and the overall sample size is relatively small, thus limiting possible statistical analyses. Second, our sample consisted of high functioning persons with ASD, thus our results may not generalize to lower functioning and/or cognitively impaired individuals. Third, ADI-R, a parent-report measure based largely on reports of retrospective behavior was the principal means used to qualify participants into the study. It would have been preferable to have a current day clinician report measure as well. Fourth, to qualify for the study, a participant needed to have a friend of 6 months duration, and to be able to convince that individual to attend the session. This also may have biased our sample towards persons with ASD with relatively well-developed social relationship abilities. Fifth, this study leaves open the question of whether there are systematic biases in how individuals with HFASD select friends, and not just differences in the quality of ability to interact with friends, and that this is what is driving results.

Finally, and perhaps most importantly, the current study raises important issues related to treatment. First, companionate friendships, as opposed to the more intimate relationships generally associated with typical preadolescent and adolescent development, may be a more appropriate and attainable goal for HFASD preadolescents. The common and frequently successful recommendation to help children with autism to socialize through their special interests is consistent with this result.

This study also suggests that helping individuals develop abstract reasoning abilities is a potentially important, frequently unrecognized, and as yet untested treatment goal. It was striking that performance on concept formation and concept identification measures related so closely to friends' reports of relationship quality. In fact, existing social skills interventions for individuals with HFASD often implicitly scaffold concept formation abilities. For example, many of the social skills curricula for the HFASD population (i.e. Solomon et al. [@CR63]) teach simple rules and/or templates for organizing social and non-social information (i.e. for identifying and explaining one's emotions across multiple contexts, for managing stressful situations, for engaging in reciprocal conversations about appropriate topics; and for identifying and generating solutions to daily problems). Parents also can be coached to verbally mediate the social world for their HFASD children during the course of semi-structured play, thereby helping the children to develop schemas for this form of dyadic interaction (Solomon et al. [@CR64]). Finally, the "social stories" technique, which involves using narrative templates that can ultimately be elaborated and internalized by the individual to assist in managing situations encountered in daily life, has received empirical support (Quirmbach et al. [@CR45]). All of these approaches implicitly enhance the ability of the individual with HFASD to script the social world, and to develop a larger and more flexible repertoire of behavior. In effect, the use and effectiveness of these techniques provides additional validation for our findings.
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